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RESULTSOFA LOWSPEEDAPPROACHANDLANDING

EXPERIMENTALINVESTIGATIONOFA O.050-SCALESPACE

SHUTTLEORBITERMODEL(39-0) IN _E NASA/A_

RESEARCHCENTER'S1P-FOOT PRESSURE WIND TUNNEL (OAIOI)

by

R. H. Mulfinger

Rockwell International/Space Division

ABSTRACT

This report presents results of wind tunnel test 0AlOl, a low speed

approach and landing experimental investigation conducted in the NASA/

Ames Research Center's 12-foot Pressure Wind Tunnel, from September 13,

1977 through November 21, 1977.

The test objectives were:

1. Obtain basic stability and control data for the OVl02

orbiter, including base pressures for the body and speed brake
cavity, at M = 0.25.

2. Determine individual panel hinge moments for the elevons,

flipper doors, body flap, and rudder/speed brake by pressure
integration.

3. Obtain ground effects on pitch and lateral directional

stability and control with the landing gear deployed (Test

discontinued before this phase complete).

4. Calibrate the OV102 air data system (flush static taps only).

A total of 379 runs were made, 200 of which provided useable data.

Free air data were obtained in the angle-of-attack range from -5°_< _ _+19 °

and -6°<- _<+- l0° in the angle-of-sideslip range. Reynold's number was

varied from 2.0 to 8.0 million per foot at Mach = 0.25. Several runs
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ABSTRACT(Concluded)

were madeat Mach= 0.4 for comparison with OAI45Adata taken in the

ARCll-Foot UPWT. These data were obtained at a Reynold's number of

4.0 x 106 ft. -I.

Volume 1 presents force data both plotted data figures and tabulated

data. Volume2 presents the plotted data figures for the pressure data,

whereas the tabulated pressure data are presented in Volumes 2 through 6.

(See table of contents for individual componentbreakdown.)

A limited numberof comparison plots with the June 1976 OVI02 Data-

book have also been included in the plotted data figures. The control

surface pressures were integrated under DATAMANspecial request 9K and

will be documentedin a separate report covering that task.
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INDEX OF DATA FIGURES (Concluded)

PLOI'rED COEFFICIENT SCHEDULE:

A) CL, Cm, CA VS. a; CO VS. CL

B) Cy, Cn, C_ VS. B

C) CL, CD, Cm VS. 6e

D) 6CL, AC D, ACm VS. 6e

E) Cy, Cn, C_. VS. 6a

ci Cyst, Cn_ _,. C_6 a VS. aa

,,! C'_,_, r.,:;_._..i_:..i_;,_,,_ODY'_,, VS.. ae

H) Cy Cn : '_

@( : i_ODYi VC,. _,I) Cy_, Cn BODY), _B

J) CL, CD, Cm VS. 6bf

K) _CL, _CD, _Cm VS. _bf

L) CL, CD, Cm VS. 6el B

M) CL, CD, Cm VS. 6eo B

N) Cy, Cn, Cz VS. 6al B

O) Cy, Cn, C_ VS. 6ao B

P) CL, Cm, CA VS.=; CD VS. CL; AC L, AC D, ACm, ACA VS.

Q)

R)

S) T)

u) v)

w) x)

y) z)

AA) BB)

AC L, ACN, ACD, ACA, ACm VS. 6SB

aCy, ACn(BODY), AC_(BODY) VS. B

Cp VS. XE/CE

Cp VS. XF/CF

Cp VS. YBF/BB

Cp VS. ZR/BR

Cp VS. B

Cp VS. 2Y/BW

Cp VS. XBF/CB

Cp VS. XR/CR

Cp VS.

Cp VS. 6r
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NOMENCLATURE

SD_BOL

a

ABE

AC

Ai

Aj

Am

An

b w

CA

CAb

CA C

CAf

CAu

eBI_

CD

CDb

MNEMONIC

CA

CAB

CAC

CAF

CD

CDB

DEFINITION

speed of sound; m/see, ft/sec

fuselage base area assigned to pressure tap K, ft. 2

fuselage base sting cavity area, ft. 2

upper control surface area assigned to pressure
tap i, in. 2

lower control surface area assigned to pressure

tap J, in. 2

speed brake outer surface area assigned to
pressure tap m, in.2

speed brake inner surface area assigned to
pressure tap n, in. 2

Wind reference span, in. Used to nondimensionalize

yawing and rolling moments.

axial-force coefficient; axial force
qS

base-force coefficient; base force _Ab(Pb_p_)/qS
qS

Sting cavity axial force coefficient. Sting

cavity pressure is adjusted to an average base

pressure.

forebody axial force coefficient, CA - CAb

axial force coefficient, unadjusted

body flap reference chord length, in.

drag coefficient; drag
qs

base-drag coefficient; base drag
qS
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NCMENCLATURE (Continued)

STMBOL

CDf

eE

CFD

ChBF

ChEI

ChE 0

ChFD I

ChFDO

Chs B

CL

C m

C n

CN

Cp

cW

CT

_a

MNEMONIC

CDF

CHBF

CHEI

CHEO

CHFDI

CHEDO

CHSB

CL

CBL

CI_

C_

CN

CP

CY

AILRON

DEFINITION

forebody drag coefficient; C D - CDb

elevon reference chord length, in.

flipper door reference chord length, in.

body flap hinge moment coefficient

inboard elevon hinge moment coefficient

outboard elevon hinge moment coefficient

inboard flipper door hinge moment coefficient

outboard flipper door hinge moment coefficient

speed brake hinge moment coefficient

lift coefficient; lift
qS

rolling-moment coefficient; rollin_ moment
qSb

pitchlng-moment coefficient; pitching moment

yawing-moment coefficient; yawing moment
qSb

normal force

normal-force coefficient; qS

pressure coefficient; (Pl - P_)/q

wing reference MAC, in.

side-force coefficient; side force
qS

Aileron deflection. Positive when L.H. elevon is

more trailing edge down than R.H. elevon, degrees.
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NOMENCLATURE (Continued)

_e

DELI, 0

DELL

DELR

DRHL

_SB

h/b

RM_F

HMEI

HMEO

HMFDI

RMFDO

RMSB

MNEMONIC

BDFLAP

ELEVON

ELV-LI,O

DELL

DELR

ELV-RI,O

RUDDER

DRHL

SPDBRK

DEFINITION

Body flap deflection. Positive trailing edge

down, degrees.

Elevon deflection, average of the four individual

panel deflections. Positive trailing edge down,

degrees.

inboard and outboard L.H. elevon deflections,degrees

differential elevon setting, left side, outboard-

inboard, degrees

differential elevon setting, right side, outboard-

inboard, degrees

inboard and outboard R.H. elevon deflections,degrees

Rudder deflection in a water plane. Positive

trailing edge left, degrees.

Rudder deflection normal to the hinge line.

Positive trailing edge left, degrees.

Speed brake deflection. Angle between the inside

faces of the left and right panels, always positive,

degrees.

nondimensionalized vertical height of model

reference point above ground plane

body flap hinge moment, in-lbs.

inboard elevon hinge moment, in-lbs.

outboard elevon hinge moment, in-lbs.

inboard flipper door hinge moment, in.lbs.

outboard flipper door hinge moment, in.lbs.

speed brake hinge moment, in-lbs.
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NOMENCLATURE (Continued)

SYMBOL

IB

L/Df

M

P

Pi, J,m,n

Po

q

S]_F

SE

SFD

SSB

%,

V

XCG

XCp

Xi,J,m,n

MNEMONIC

L/D

L/DF

MACH

Q( SM)
Q(PST)

RN

DEFINITION

orbiter body reference length, in.

lift-to-drag ratio; CL/CD

lift-to-forebody drag ratio; CL/CDf

Mach number; V/a

pressure; N/m 2, psf

control surface static pressure corresponding to

Tap i, J, m or n, psfa

freestream static pressure psfa

dynamic pressure; I/2PV 2, W/m 2, psf

unit Reynold's number; per m, per ft

body flap reference area, in. 2

elevon reference area, in.2

flipper door reference area, in.2

speed brake reference area, in. 2

wing reference area, ft.2

velocity; m/sec, ft/sec

distance from orbiter nose (IML) to model moment

reference center, in.

model center of pressure location in the normal

force direction, relative to the model nose (IML),

in.

transfer distance from static pressure tap i, J. m
or n to the corresponding control surface hingeline,

in.
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N(MENCLA_rRE (Concluded )

SYMBOL

P

MNEMONIC

ALPHA

BETA

PSI

PHI

DEFINITION

angle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; kg/m3, slugs/ft3
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P3_4A_(S

The 0AI01 test program was discontinued during the initial phase of

the ground effects portion of the test program. The free air portion of

the program, comprising approximately 200 useable data runs, with the

model mounted on the roll sting was completed. The roll sting hardware

had been removed and the model reinstalled on the ground plane (double

bend, fixed roll) sting to obtain the free air base data for the ground

pl_ne installation when the decision was made to discontinue the test.

Several runs were made using the ground plane sting installation landing

gear retracted to obtain Polhamus effect data at higher angles-of-attack

than were possible with the free air (roll) sting; however, the ground

plane was never installed.

A limited amount of landing-gear-extended data were obtained during

the free air portion of the test program with the model installed on the

roll sting.

Windshield flow visualization runs were performed in response to a

verbal request from NASA/JSC. These data were recorded on video tape

and were transmitted to the orbiter aerodynamics group, Rockwell

International.

Standard facility blockage and wall corrections were applied to all

the data. No flow angularity corrections were applied.

The following updates were applied to the final data.

Control Surface Calibrations

a. Right-hand outboard elevon - linear factor and an offset were

applied to raw Beckman counts on all data runs.
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REMARKS (Concluded)

b, Rudder - linear factor and offsets were applied to raw Beckman
counts on all data runs.

Pressure Data

ao Base pressures - cavity pressure tap #ii was bad for runs 368

through 373. Base corrections were made using cavity tap #i0

only.

b. Rudder/speed brake pressure - tap #449 was bad for runs 368

through 373. Local area and moment arm of taps 448 and 450

were adjusted to compensate the on-llne hinge moment data

reduction program.
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COmGU_TI ONS INVESTIGATED

The test article was a 0.050-scale replica of the space shuttle

orbiter vehicle 102 and was designated model 39-0. General model

description and specific construction information can be found in

Reference i.

For this particular test entry, a complete set of landing gear,

doors, and wheel wells were fabricated and installed on the model in the

fully deployed position. Testing was accomplished with the gear full up

and full down. In addition, the shuttle infrared leeside temperature

sensor (SILTS) pod was added to the vertical tail to obtain "SII/FS POD"

on and off data.

The following nomenclature was used to designate basic OVI02

components:

OVlO2 = B75 el6 E6_ Y16 YD3 _2 HG_ M52 WlO8 WlO9 WllO W111 Reo

V29 VTIO VTII VTI2 VTI3 VTI_ VTI 5 VTI6 VTI7 WI31

S_mbol

C16

F_6

F_2

HG I

Description

OVI02 fuselage including T-zero umbilical panels, crew hatch,

and cargo bay door gaps.

Canopy including recessed windshields and observation windows.

Elevons, including elevon/elevon and elevon/fuselage gaps.

Body flap.

Flipper doors.

Forward cargo bay door hinge fairings, 6 per side.

Cargo bay door hinges, 13 per side.
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COFg_GURATI(_S IZ_ESTIGATED (Continued)

m boz

M52

_io8

NIO9

mllO

Nlll

V29

_TIO

%"fll

_f12

_13

_TI4

VTI 5

VT16

VT17

Wl31

Description

CMS pods.

Forward RCS thruster nozzle ports.

Main propulsion system nozzles (inner surfaces cut away for

sting clearance).

CMS nozzles.

Aft RCS thruster nozzles and ports.

Rudder, split into left and right speed brake panels.

Vertical tail, with SILTS infrared camera pod simulated.

(V27 without SILTS pod)

Cargo bay vents, _ per side.

Wing/landing gear bay vents, i per side.

Cabin vents, 1 per side.

Forward RCS vents, 1 per side.

Aft fuselage vents, 1 per side.

C_/RCS vents, 1 per side.

Flipper door vents.

Miscellaneous vents, ports, and penetrations.

OVI02 wing.

The above nomenclature is depicted in Figures 2a amd 2b, and

defined in Table III.

Variations of the basic OVI02 configuration were tested as follows:

i.

2.

Code

OVI02 + G23

OVlO2 -v29 + v27

Description

OVI02 with fully deployed landing gear and
doors.

0VI02 with SILTS pod off
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CCRFIGURATIONS INVESTIGATED (Concluded)

The additional components tested "on" and "off" the model were as

follows:

Symbo i

G2 B

V27

Description

Nose and main landing gear and doors in the fully

deployed position with wheel wells simulated.

Basic OVI02 vertical tail without the SILTS pod.

Other test variables not directly related to the model configuration

included sting hardware. Specific model/tunnel sting configurations

defined prior to the start of the program are listed below.

Model Configuration

S_mbol Stin_ Hardware Ground Plane

0VI02 Free Air Not installed

OVI02 + G23 " "

OVI02 - V29 + V27 " "

OVI02 Ground Plane "

OV102 " Installed

OVI02 + G23 " "

0VI02 + G23 " Not installed
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INBT_gENTATI ON

In general, the test was conducted with the following model

instrumentation:

1. 4.0 inch Task MKIIA, six-component internal strain gauge

balance,

2. 12 Scanco S-Type, 48 port Scauivalves for model pressures,

3. i0 wing and 96 elevon static pressure taps_

4. 32 flipper door static pressure taps,

5. 4 aft fuselage and 19 body flap static pressure taps,

6. 5 vertical tall and 45 speed brake static pressure taps,

7. 9 fuselage base and 2 balance cavity static pressure taps, and

8. 2 air data probe forward fuselage flush static pressure taps.

Six model control surfaces were remotely actuated during the course

of the test. This instrumentation consisted ofz

i. Individual hydraulic actuation systems for the four elevon

panels and the body flap,

2. An electric motor actuation system for the rudder,

3. Angular position pots for each of the control surfaces,

A. A model-mounted hydraulic system, including a pump and servo-

control valves. (The hydraulic fluid reservoir was located

outside of the tunnel)

5. A model control console which housed the electrical components

of the servo systems. This console was placed in the facility

control room, and operated manually.

The locations and tap identification numbers of all pressure

orifices used during test OAIOI are shown in Figures 2c through 2h.

Specific model 39-0 instrumentation details are contained in Reference I.
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TEST FACILITT DESCRIFTI01

The Ames 12-Foot Pressure Wind Tunmel is a variable density low

turbulence wind tunnel which operates in the Mach number range of O. i to

0.9_. The wind tunnel is powered by a two-stage, axial flow fan driven

by electric motors totaling 12,000 horsepower. Air speed in the test

section is controlled by variation of the fan's rotative speed. Eight

fine-mesh screens in the settling chamber together with a contraction

ratio of 25 to i, provide an airstream of exceptionally low turbulence.
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DATA REDUCTION

Model force and moment data werereduced to coefficient form in both

body and stability axes systems. Moment data were reduced about a moment

reference center corresponding to 65% of the reference body length at

W.L. 375. Model angle of attack and sideslip were corrected for support

hardware deflections. Standard facllity wall/blockage corrections were

applied as required. All model pressure data were reduced to the pressure

coefficient form (P-Po)/q.

Six-component body axes data were computed from balance outputs with

axial force being adjusted for the differences between the average sting

cavity pressure and an average base pressure.

CA - CAu - CAC

where:

CAc -- - (CPCavg. . CP_vg.) (IC)Sw

CPcavg.
Cplo + Cpll

CPBavg" = (CpI + Cp2 + CP 5 + Cp6 + Cp 7 + Cp8)
6

Forebody axial force coefficients were computed by adjusting the base

pressure to freestream.

CA F = CA . CA b
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DATA REDUCTION (Continued)

where:

CAb : (CpKABE) + Cp vg" AC
=1

Center-of-pressure location of the model normal force was computed as a

ratio to the reference body length.

Stability axes coefficients CL and CD were computed from body axes

coefficients CN and CA. Model lift-to-drag ratio was then computed from

CL and CD.

L/D = CL/C D

Model control surface positions from the run schedule were input to

the controller manually, i.e., constant or varlable values were input

depending on the sweep variable for the given run. Table look-up values

of 8e, 8BF, and 8a, based on calibration data, were stored in the data

reduction program and employed to determine control surface position

from the actual set values of controller voltages input to the ARC

instrumentation system.

Model control surface hinge moments (on line data only) were computed

by the facility from control surface pressures using an area-moment arm

method as detailed below:

HMEI

_ 173

I=iOl J=159

I(Pj) (A j) (xj)l
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DATA REDUCTION (Continued)

ChEI = "HME__I
qs_cz

1_9

HMEo = I

I=125

197

J=17h

[(Pj) (Aj) (xj)I

H_EO

ChEO - qSEC E

Inboard flipper door

212

HMYDI = I

I=201

236

I(_)¢A_)¢x_)I- _
J=225

I(Pj) (Aj) (xj_

ChFD I . HYrFDI
qSz_zD

Outboard flipper door

224

HMFD0 = I

i=213

2_8

[(Pi)¢A_)¢'_)I"
J=237

I(Pj) (Aj) (xj)J

ChFD0 = HMFD0
qSn_FD

Body flap hinge moments

3o7

HMBF --

I=301

325

,,I=314

ChBF = HMBF
qsm_c_F

- 35



DATA REDUCTI(M (Continued)

wheFe s

1 = upper surface pressure tap numbers

J = lower surface pressure tap nuabers

Speed brske hinge moments

m=_lO

ChsB . _B
qS_sB

where:

[(en) (%) (Xn)i

m = Outer surface pressure tap numbers

= Inner surface pressure tap numbers

Pressure coefficients Judged to be incorrect were deleted and areas

reassigned by manual input to the on line computer program. Final hinge

moment data were integrated by DATAMAN from plotted and smoothed pressure

coefficient data under special request 9K, and will be documented fully

in a separate report covering that task.

Reference diaensions and constants used werez

S_mbol

Sw

b_

cv

MIE

Description

Wing reference area, ft. 2

Wiag reference span, in.

Wing referenee MAC, in.

Moment Reference Center

Model Full

Scale Scale

6.725 2690.

46.83_ 936.68

23.7_0 _7_.81

X, in. 53.83_ 1076.68

T, in. 0.0 0.0

Z, In. 18.75 375.0
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DATA REDUCTION (Concluded)

S_mbol

XCG

IB

SE

cE

SlID

CFD

SSF

CHF

SSB

CSB

ABI

AB2

AB3

AB_

A_5

A_6

AN

AB8

AB9

Description

Length, nose IMLto_, in.

Body reference length, in.

Elevon reference area, in. 2

Elevon reference chord, in.

Flipper door reference area, in.2

Flipper door reference chord, in.

Body flap reference area, in. 2

Body flap reference chord, in.

Speed brake reference area, in. 2

Speed brake reference chord, in.

Base sting cavity area, ft.2

Base area, Tap i, ft. 2

Base area, Tap 2, ft.2

Base area, Tap 3, ft.2

Base area, Tap 4, ft. 2

Base area, Tap 5, ft.2

Base area, Tap 6, ft. 2

Base area, Tap 7, ft. 2

Base area, Tap 8, ft.2

Base area, Tap 9, ft. 2

Model

Scale

41.934

64.515

75.60

4.535

75.60

4.535

48.60

4.050

36.05

3.660

o.1963

0.0587

O.O824

o.o467

0.0553

o.0772

O.ii_6

O. 1798

0.0860

o.195o

Full

Scale

838.68

1290.3

302_0.

90.7

302140.

90.7

19_0.

81.o

i_1.6

73.2
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SD77-SH-OI62, "Pretest Information for Test 0AI01 of a O.05-Scale

Model (39-0) of the SSV Orbiter 102 in the NASA/A_ 12-Foot Pressure

Wind Tunnel," dated June i0, 1977.

Report NA76-662, "Structural Analysis for the O.05-Scale SST Orbiter

Verification Model 39-0."

Report NA76-662, Appendix B, contains the stress analysis of the 21°

prebend sting adapter for the ground plane sting and the landing

gear assemblies for model 39-O.

38



TEST : 0AIOI DATE "I
TEST CONDITIONS

MACH NUMBER

.25

.25

.z5

._o

REYNOLDSNUMBER

(per unit length)

2x 10 6

5 x 10 6

8 x 'i06

4 x 106

DYNAMICPRESSURE

(pounds/sq.inch)

ii0 PSle

28O PSF

_-5o PsF

388 PSi'

STAGNATION TEMPERATURI

(delPeeSFaMenheit)

z,?5_ MAX

BALANCE UTILIZED: _ INC_ TASK MK II A

NF

SF

AF

PM

RM

CAPACITY:

4oo0/4000
20OO/2OOO

i000 lab

i0,000 IIl-laS

ACCURACY:

YM

COMMENTS: See _ble VIII.
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TABLE III. MODEL DIMEESI(MAL DATA

X0DEL c_0m_T: BODI - B75

GENERAL DESCRIPTION: Orbiter Vehicle 102 - CML Baseline

MODEL SCALE: 0.050

DRAWIRG FOMBER: VLT0-000003C, VCT0-OOOOO2B

DIM_RSI OWS:

Reference Length (IML: FWD Sta Xo =

238), in.

Length (£ML: FWD Sta Xo = 236), in.

Max. Width (At Xo = 1528.3), in.

Max. Depth (At Xo = I_64), in.

Fineness Ratio

Area, Ft2

Max. Cross-Sectional

FuLL SCALE

1290.3

1292.3

264.0

250.0

4.899

3_._5

MODEL SCALE

64.515

6_.615

13.200

I_.500

_.899

o.8522
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TABLE III. MODEL DIM_SIONAL DATA (Continued)

MODEL COMPONENT: CANOPY - C16

GENERAL DESCRIPTION: OV102 Orbiter Canopy

MODEL SCALE: 0.050

DRAWING NUMBER: BCD V70-30-950-01 (VC70-OOOOO2B)

DIN_NSI ONS :

Length, in. (Xo 432.0798 to Xo 670)

Max. Width, in. (@0(o 594)

Max. Depth, in. (_D(o 492)

Fineness Ratio (length/max. wldth)

Area

Max. Cross-Sectional @ Xo 520 in. 2

FULL SCALE

237.92o

194.o67

59.790

1.226

45.66

MODEL SCALE

11.896

9.703

2.990

1.226

o.11415
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TABLE III. MODEL DIMENS!ONALDATA (Continued)

MODEL CG_PONENT: ELEVON - E6_

GENERAL DESCRIPTION: Elevon for OVI02 configuration. Hingeline at

Xo * 1387, elevon split line Xo = 312.5, 6.0" tips with 8° beveled

edges, and centerbodles same as E63 but includes bevel tip.

MODEL SCALE: 0.050

DEAWINK; _: VCTO-0OOOO2B

DIMENSIONS:

Reference Area, Ft 2

Area, Ft 2

Span (equivalent)

Inb'd equivalent chord

Outb 'd equivalent chord

Batio movable surface chord/total

surface chord

At inb'd equiv, chord

At outb 'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Product of area & _)

N_an Aerodynamic Chord, In.

Hingeline dihedral (origin at

Zo = 261.3509), deg.

FULL SCALE MODEL SCALE

21o. o o. 5250

206.57 O. 516_

3_6._ 17.322

116.50 5.825

55.219 2.761

.2137 .2137

o.3999 o.3999

O.O 0.0

- i0.056 - i0.056

0.0 0.0

15_o.7_. o.19259

_._ _._75

5.z29 5.229
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TABLE iIi. MODEL DIF_SIONAL DATA (Continued)

MODEL COv_ 0NENT:

GENERAL DESCRIPTION:

Zo = 287

BODY FLAP - FI6

Orbiter OVI02 baseline C_ at Xo = 1532,

MODEL SCALE: 0.050

DRAWING NUMBER: VC72-000003C VCTO-OOOOO2B

DI_ENSI ONS :

Length (Xo = 1525.5 to Xo = 1613), In.

Max. Width (At L.E. Xo = 1525.5), In.

Max. Depth (Xo : 1532), zn.

Area, Ft2

Max. Cross-Sectional (At H.L.)

Plan form

Base (Xo : 1613)

FULL SCALE

87.50

256.00

19.798

35.196

135.75

4.89

MODEL SCALE

_.375

_.8o0

0.990

o.o8799

0.339_

O. 122
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TABLEIII. MODELDIMENSIONALDATA(Continued)

MODELCC_0NENT: GMSPOD- M52

GENERALDESCEiPTION:OVl02 Baseline Sameas MI8

MODELSCALE: 0.050

DRAWINGNUMBER: VC70-000003C,VCTO-OOOOO2B

DIMENSIONS: FULL SCALE

Length, (OMS FWD Sta Xo = 1311.0), In.
includes RCS package

Max. Width (At Xo = 1511), In.

Max. Depth (At Xo = 1511), In.

Fineness Ratio

Area

Max. Cross-Sectional

258.6h

135.55

7_.36

1._75

59.O9l

MODEL SCALE

12.932

6.778

3.718

1._75

O.14773
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TABLEIIl. MODELD_4ENSI0_L_LDATA(Continued)

MODELCCMPONE_T2:

G_[ERAL DESCRIPTION:

_DDER - P_O

Orbiter vehicle 102 baseline GML rudder

DRAWING NUMBER:

DIM22_SIONS:

Area, _

Span (equiva!ent)_ In.

Inb'd equivalent chord, In.(WP=Zo=580.26)

MODEL SCALE: O.050

VCTO-OO0002B, MD-VTO-20-100.2

FULL SCALE

98.09

199.09

9l. 13

0utb'd equivalent chord, In.(WP-Zo:779.35) 50.76

Ratio :uovable surface chord/

total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Bach An_les, degrees

Leading Ed,_e

Trailing Edge

Hingeline

Area Moment (Normal %o hinge llne)

Mean Aerodyr._uic Chord, In.

34.833

26.2h9

34.833

593.889

72.8_0

MODEL SCALE

0.2452

9.955

4.557

2.538

3_.833

26.2_9

3h.833

o.o7_

3.61,/_
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TABLE III.

MODEL COMPONENT:

GENERAL DESCRIPTION :

MODEL DIMENSIONAL DATA

VERTICAL - V27

Basic orbiter OVI02 outer mold line

MODEL SCALE: O.050

DRAWING NUMBER: VC70-OOOOO2B

DIMENSIONS:

TOTAL DATA

Area (Theo.), ft2

Plan form

Span (Theo.), in.

Aspect Ratio

Rate of Taper

Taper Ratio

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line

Chords:

Root (Theo.) WP

Tip (Theo.) WP

MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC

Airfoil Section lO Sym60-40 Wedge,

Leading Wedge Angle, deg.

Trailing Wedge Angle, deg.

Leading Edge Radius % C

Void Area, Ft2

Covered Area, Ft2
Blanketed Area, Ft2

t/c

FULL SCALE

413.251

315.72

1.675

o.5o7

o._o4

45 .ooo
26.25
41.13

268.50
].08.47
199.81

1_63.35
635.52

o.0

13.43
i0.00

14.92
1.47

31.713
9.n
0.0

MODEL SCALE

1.0331

15.786

1.675

0.507

o._o4

45.00o
25.25
41.13

13.425
5.414
9.991
73.168
31.776
o.o

13.43
io.oo

].4.92
1.47

0.07928
0.02'278
0.0
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TABLE III. MODEL DIMENSIONAL DATA

MODEL COMPONENT: WING - W131
GENERAL DESCRIPTION: OVI02 baseline CML configuration. NOTE: Includes

wing elevon stubs. Dihedral angle is along trailing edge of wing.
Geometric twist = 0°.

MODEL SCALE: O.050

DIMENSIONS:

TOTAL DATA

Area (Theo.), ft2

Plan form

Span (Theo.), in.

Aspect Ratio

Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence Angle, degrees

Aerodynamic Twist, degrees

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line
Chords :

Root (Theo.) B.P.0.O.

Tip, (Theo.) B.P.
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 MAC
EXPOSED DATA

Area (Theo.), ft2

Span, (Theo.), in. BPI08

Aspect Ratio

Taper Ratio
Chords

Root BPI08

Tip 1.O0 b/2
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

DRAWING NO. :VCTO-0OOOO2B

FULL SCALE MO_EL SCALE

2690.0 6.725

936.68 46.834

2.265 2.265

z.177 l.177
0.200 0.200
3.500 3.500
o.500 o.5oo

45.000 45.000

- 10.o56 - i0.056

35.209 35.209

689.2h 34.462
137.85 6.893

474.8l 23.74l

1136.83 56.8_

290.58 14.529
182. ]-3 9. lO?

1721.60 4.304
713.003 35.650

2.051 2.051
o. 193 o. 193

B.L. of .25 MAC 252.23

Airfoil Section (Rockwell Mod NASA) XXXX-6_
Root b/2 : O. n37
Tip b/2 =

Data for (1) of (2) Sides

Leading Edo_e Cuff^

Planform Area, ft_

Leading Edge Intersects Fus M.L. @ Sta

LeadlnE Edge Intersects Wing @ Sta

557.56 27.8?8
137.85 6.893
389.92 19.496

n87.7l 59.386
295.27 14.76_

12.7_

o.1137
0.120 0.120

1A5.4 .o445
_7.75 21.388

108A.OO 54.200
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TABLE IV. WING AND ELEVC_ PRESSURE TAP LOCATIONS

Spanwi s •

Location -

Inboard Edge

o.3_o
o._o7
0.534
0.615

Inboard Gap

Edge
Outboard Gap

Edge
o.715
0.800

0.88?
0.960

Outboard

Edge

Upper Surface XE/CEL ..........

Xo1359.6-o.1oo o.1oo O.2O0 0._00

i01

i_ 103
lO8

35 113
118

55 127

75 137
85 z_e

0.600

104 105
109 110
114 115
119 12o

123

125

128 129
133 134
138 139
143 14_

147

o.8oo

102

zo6
111
116
121

12_

126

13o
135

148

1.000

IO7
112

117
122

131
136
141
z_6

149

Lower Surface XE/CEL

Inboard Edge

o.3ho
o.he?
0.534
o.615

Inboard Gap

Edge
Outboard Gap

Edge

o.7].5
0.8o0
0.88?
0.960

Outboard

FAge
I

20

4o
I
i
!

6o

i 8o
90

i

J

152
157
162
167

176
181

186
191

153
158
163
168

IN
182

187
192

15o

154
159
164
169

].72

174

178
183
188

193

196

155
16o

165
x?o

179
184

189
194

15].

156
161
166

171

173

175

18o
185
19o
195

197
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TABLE V. FLIPPER DOOR PBESSUHE TAP LOCATIONS

SPANWISE LOCATION

WI_

o.3_o
o.427
0.534
0.615

o.715
0.800
0.887
o.96o

UPPER SURFACE XFD/CFD

o.zo 0.50

201 202

204 205
2O7 208
210 211

213 21_

216 217

219 220
222 223

o.9o

203
2O6
2O9
212
215
218
221
224

Internal Cavity XFD/CFD

0.340
o.427
0.534

o.615
0.715
0.800
O.887
0.960

225
228

231
234
237
240
243
2_6
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TABLE VI. BODY FLAP PRESSURE TAP LOCATIONS

SPASm#ISE LOCATION

W = Y_ at Hingeline

0.I0 (L.H. Side)
0.20

0.35
0.50 _o _ o)
o.8o (_.H. Side)

0.i0 (L.H. Side)

0.20

o.35
o.5o (_o -- o)
0.80 (R.H. Side)

-0.20

UPPER SURFACE X_/CB_'

0.20 o.6o

3ol 302
304

305 306

LOWER SURFACE X_F/C_F

309
31o
311

312

314

317
320
323

135
318
321
324

1.00

3o3

307

316
319
322
325
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TABLE VII. SPEED BRAKE PRESSURE TAP LOCATIONS

SPA]_FISE LOCATION

= y/b at HIJSELINE

o.1o(Bomb)
0.20

0.30
0.140
0.50
0.6o
0.70
0.80
0.90
I.o3(Top)

o.lo (BOSOM)
0.20

o.3o
0.40
0.50
0.60
o.7o
0.80

0.90
1.o3(ToP)

-0.20

_01

4o3

4o5
406
_o7

4o9

(m,E_sum,mE (,..H.)
o.20 o.60

41o _ii

_12 413
415 416
_18 419

4a5
_7 _8
430 431
433 434

INSIDE SURFACE

o.8o 1.00

414
417
42o
_3
426
_-_9
432
435

436

(T.H.) XWOR

_37 438
1,39 4hO

442 _3
445 4_

_88 _9

451 l 452

441

444
447

45o

453
454
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TABLE VIII. COEFFICIENT TOLERANCES FOR _E 4-INCH TASK MKIIA BAIANCE

FOR _]{E RAI_GE OF DYNAMIC PRESSURES TESTED

CO_CIE_ Dna_ttC PRESSU_, q(PSF)

28__2 t 51

ON i'O.022300 ±0.008900 +0.005600

CIM +0.006600 +0.002600 +0.001650

CZ +0.078600 +0.007460 +0.004660

CTN +0. OO 1640 +0.000660 +O.000910

CA +0.002600 +0.001000 +0.000660

CBL +0.OO0843 -+0.000338 -+0.O00210
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|
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b. Control Surface Deflections

Figure I. Continued
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+ChSBL

d. Rudder/Speed Brake Deflections

Figure i. Continued.

72



_-Fllpper Door I. I ,2" \
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ELEVON DEFLECTIONS

BODY FIA2 DEFLECTIONS

e. Elevon and Body Flap Deflections

Figure i. Concluded.
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Tap 3. 18 ca the hes_ 8h.lelA
under the _ nozsZe.

Tap 3 t 't In the _ nozzle.

YAP
I

3.
2
3

6
7
8
9
1o
11

W.P.! in.

k89

505
_39
_28

386
305

390
39o

BoP. In.

0
_9
90

99
Zo8
llk
o

Areal 1";2

23.k8
_._
18.68
22.12
30.88

71.92
_._0
78.00

h. Base Pressure Tap Locations

Figure 2. Concluded.
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a. Front View of Model Installed

Figure 3. Model installation photographs.
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c. Bottom View of Model Installed

Figure 3. Concluded.
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APPEIDIX

_a.BUI_TED SOURCE DATA

Tabulations of plotted data are available on request from Data Management

Services.
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